


Summary of Forecasts  of t he  Bristol Bay Red Salmon Run in 1966 
(in millions of f ish) .  

-2-ocean 2 - o c e a n l /  total - - 

Forecast  by River System 

Igus hik 
Snake 
Nuyakuk 
Wood 
Nushagak- Mulchatna 

Nushagak S ub-total 

Kvic ha k 
Naknek 
Alsagnak ,104 

Naknek-Kvic hak Sub-total 15.438 

Egegik 1.338 1 ,837  3.175 

Ugashik . 3 6 6  .864 1.230 

North Side Alaska Peninsula 

River System Total 20.202 12.452 32.654 

-- 

High Seas  Purse Seine 10.4  23.6 34.0 

Relation of &ocean returns to 2 - o c e a n  returns 19.654 

Ratio es t imate  of 2 - o c e a n  return 8.4 

-1/ The .3-ocean return has  been adjusted by subtracting the  B p a n e s e  
h i g h s e a s  catchof  immature red salmon in 1965. 
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I. Introduction 

The forecast  for the  1966 Bristol Bay red salmon run was  prepared jointly 
by the Fisheries Research Institute of the  University of Washington, t he  U.S. 
Bureau of Commercial Fisheries and thc. E-!askz Department of Fish and Game. 

The following scient is ts  participated in the  analysis  of the data: 
Dr. Robert L. Burgner , Wir. AlLen C . Hartt , IL!r. Stephen 3. Matthews and 
Dr. William F. Royce of the Fisheries Research institute; Dr. Charles J. 
DiCostanzo, Mr, Reynold A. Fredln, Dr. L. Henrich and Mr. H. Jaenicke of 
the U. S.  Bureau of Commercial Fisherles; Frank J. Ossiander of the  Alaska 
Department of Fish and Game. 

A draft of t h e  1966 forecast  was  compiled in October, 1965, using pre- 
liminary data  on the 1965 run. This forecast  uses  final 1965 run data  from a l l  
river systems in Bristol Bay. 

11. Methods of Forecast 

Forecasts are  made of the expected return to the  major river systems in 
each  fishing district  of Eristol Bay and of the  expected return to Bristol Bay as  
a whole. Data used in these  forecasts  are: the  inshore abundance and age  
composition of the  catch and escapement,  srnolt outmigration age composition, 
the Japanese high s e a s  ca tch  and age composition of western Alaska red salmon, 
and purse seine catches of immature red salmon south of Adak Island. 

Forecasts are  based on the relaiionship of return t o  abundance a t  some 
preceding s tage of the  red salmon life cycle.  For the separate river system 



forecasts  the  relationship JC es capelne~l-1- ' 3 subsequent return and the relation- 
ship of smolt outm~gretiorl tc. ~z t r t i n  i r e  u;i;d, T'7e n a l ~ r i t y  schedule is estimated 
using smolt age znd ocedn zge composiiiol A torecast  of the total  red salmon 
run t o  western Alaska is based or! cht: prevjoxs year ' s  purse seine index catch of 
immature red salmon s ~ u t h  o i  Adak Islsno . Each of these  methods has led to  the  
ana lys i s  of population data and the develcpmznt of forecast  equations based on 
selected key factors. By th i s  it is suggested that  changes in population density,  
although affected to  some extent by m a n y  variables,  may be essent ia l ly  deter- 
mined by only a few variables.  The methqd of analysis  usually employed involves 
only simple hnea r  (egressLon analysis  or multiple regression analysis .  Along 
with desirable features there arc: shortcomings and limitations in this  type of 
analysis .  The !rey factor model may not utilize a l l  information available and 
many factors affecting abundance may not be represented In a key factor equation. 
The key factor relationships essentiall> provide only measures of gross survival 
ra tes  between the  pacicular  factci-s used, For forecasting purposes it is necessary 
to choose key f a c ~ o r s  svhich are sepa~-a t sd  by an  interval over which the  survival 
ra tes  are  most nearly coilstant k o i n  year '-0 year.  

In t he  foilowing sect ions  data and ~c l a t ionsh ips  for each  forecast  method 
a re  given. Thcse relations hips d e ~ e n d  upQl? the  adequacy of the bas ic  data  which 
is influenced by s a r c p l i . ~ ~  .,rros :- a 26 t llc rap-esentctcivenes s of the  sampling plans. 
Additional inaccurecies r~r ,  se lrcl?,. ~c : 'iav:nq zvfficieni data on the Japanese high 
s e a s  catch of red salmon LO zC;eqcatl,l~- k):GTaiC 'heil catch to  the inshore river 
systems. Other assu1npLior1,- atid i3tior~alc C~T:? y i ~ r e r  Ln the particular forecast  
section.  

111. Esiirna iorr oC Tc)~a: R e t  Ir~,s to  Each River System 

The total  r e t u r ~ s  Ir.3 Bristol Bay are  composed of the inshore catch and 
escapement and the f i s h  which ~?laiild be expected to return if they were not 
intercepted by a high s e a s  fl:shesyo A s  a flrst s t e p  ir. forecast  analysis  it is 
necessary t o  assj.gn th i s  total. return t o  its target river system. The inshore 
ca tch  ar?d escapemen? data is obtained w;thin dis t r ic ts  for which target river 
systems can  be directly assigned. The high s e a s  fishery takes  f i sh  of many 
different origins; however, from tagging and experimental fishery studies of the  
migration and distribution of red salmon in the ocean i t  has  been established that  
a t  certain times and in cefiairi areas  the Japanese high s e a s  fishery catches  red 
salmon bound for Bri.stol 3ay, For rnat~lre red salmon these  times and areas  include 
the May and June 1-1 0 catches eas-i: of 170" E ,  -tile June 1.5-20 catches  e a s t  of 
175O E l  and the June 21-30 c a x h e s  e a s t  of 180°, For jmmature red salmon it 
includes the Juiy and A z g v s t  ca:ches eaF.i: of i 7D0, and the June 21-30 catches  
between 1 70° E and li309, 

Total caT-,h da-i-;i fa:- ::he 7s;jar,~ci. Iiiyh i.si-:s f'i.sher.y is available for  a l l  
years ,  but the  ai;e S ~ - U C . ~ U T ~  c ~ q C ; i j - ~  13: L F-- .c,r -;tn.iy E.ive >'ears and it must be  esti- 



mated for the  remaining years .  The total  rcn (inshore returns plus high s e a s  
catches)  t o  each  river system is estimated by separating the  yearly Japanese 
high s e a s  catch according to ocean age  and then adding it t o  each river 's  inshore 
return on the basis  of each r iver ' s  conti-ibutim t o  the particular ocean age of th i s  
yearly Bristol Bay return. 

The age structure of the Japailese high s e a s  catches  of red salmon a t  times 
and in areas  which are predominately Bristol Bay f i sh  is given in Table 1 along 
with inshare ,sge data .  This data is used in a regression analysis  t o  obtain an  
estimate of the age  structure of the  total  return for those years for which data  is 
not available.  The relation is illustrated in Figure 1. 

The Japanese high s e a s  catches of mature red salmon were assumed to  return 
to Bristol Bay in the  same year a s  .2-ocean and .3-ocean age  f i sh ,  the  catches  of 
immatures were assumed to  r e t u r n z ~ r i s t o l  Bay as. - 3-ocean age f i sh  in the  follow- 
ing year. The formulas used to apportion the  total  return are:, 

For t he  - -2-ocean age return, 

" 0.2 

and for the - .3-ocean age  return, 

where, 

Rij k : total  return t o  Bristol Bay in year i t o  rives j of ocean age  
k (k = 2 , 3 ) ,  

'ij k : inshore return to  Bristol Bay in year  i t o  river j of ocean a g e  
k 

The dot subscript indicates summation over the  subscript it replaces.  

This procedure makes no allowance for ocean mortality which would be 
expected t o  apply between the time f ish are taken on the  high s e a s  and when they 
would have returned t o  Brlstol Say. Likewise, no drop-out (a drop-out is con- 
sidered a f i sh  which falls from the gear as  a dead f i sh  or subsequently d ies  
because of its encounter vriti? i n e  gear, it is lost from the fishery) factor is applied 
to  the  Japanese high s e a s  f i she -q ,  Additioral errors probably a r i se  because of 
changes from year t o  year in the r;ii~,-ztory pattern or' red salmon in the  ocean; 
consequently, affactins the es-[{mates 3f high s e a s  catches  of Bristol Bay red 
salmon. 



X : Percent ,A-ocean f i s h  - inshore run 
(Numbers indicate year of re tu rn)  

F igu re  1. Relation between percent .2-ocean f i sh  In inshore run and percent 
.2-ocean f i s h  in  total  r u n x 5 6  to 1960. - 

-. 4 - 



It is a s s m e d  thst the japanese catch an equal proportion of each river's 
fish in the .2-ocean and .3-ocean age c lasses .  Errors may also arise because 
of incomplex' data oil t h e a g e  coinpos ition of the high seas  catches. 

The inshore return data is given in Table 2 ,  the high seas  catches in 
Table 3 and the apportioned Bristol Bay retdrn is given in Table 4. 

IV. River System Forecasts 

Forecasts to  each river system are based on the relationships of returns 
to  escapements and returns to smolt outmigrations. The 1966 maturity schedule 
is estimated from the weighted age composition for those river systems for which 
no smolt outmigration data is available and for those river systems for which 
smolt outmigration data is available it is estimated using a 2 x 2 contingency 
table composed of the smolt outmigration age c lasses  and the ocean age c lasses .  
This table is constructed a s  follov~s: 

Total ocean 1 
2-check -- ' 1  age c lasses  I 

i P (.a-ocean) - 1 
/ classes  / 2 saeail 1 P ! T ( 6 3 )  I / P (. 3-ocean) -- - .- - - - -- -- - - - -- 2 :  - - - - -  ---"- - --- --- - -- L-w- - I Total smoit age c lasses  1 '(1-check) / ?(2--check)] 1 ----- - .--------- 1.00 1 

where, 

P (x) : indicates the probability of the particular age composition. 

The equations used for each of the river system forecasts are: 

(1) R = a + b S  

(2) R = a + b E  

(3) R = a ~2 1 o - ~ ~  

where, 

R: is adult return 

E: is escapement 

S: is smolt cutmiqratior. index 

a and b: are parameters to be determi~ec  i-rorr, ti-e data. 



In the Nushagak and Naknek-Kvichak fishing districts the red salmon 
return t o  several separate spawning systems. Since the commercial catch is 
taken in the'respective bays it cannot be separated directly into parts bound 
for the separate spawning systems. Therefore, the catch has been prorated to 
the separate spawning systems on the basis of the escapement by age groups to  
each river system. 



Table 1. ESTINATES OF .2=OCEAN AGE COMPOSITION OF TOTAL RUN. - 
C I 

JAPANESE HIGH SEAS FISHERY INSHORE RUN TOTAL RUN 

May June May and June : 

geturn Total  Percent Catch Total  Percent Catch Total Percent Catch Percent Ege tu rn  .Percent Return 
year Catch -2-ocean .2-Ocean Catch .2-Qcean -2-Ocean Catch .2-ocean .2-ocean Total .2-ocean .2-ocean Total  .2-ocean 

Percentage 2 -ocean  red salmon i n  t o t  a1 run f o r  the years 1961-1965 estimated using equation, 

see Figure 1. 

2/ 2-ocean r e tu rn  f o r  the years 1961-1.965 calculated using percentage obtained from equation, 



Table 2. BRfSTOL BAY RYNSSHRE RETURNS ( I n  Thousands of Dish) 

- 
Yesr of Togialc North S ide  Age Class Yearly Year of 

:'un Igushtlc Snake Nuyalculc ldood Mulchatna Ilvichak Naknek Alagnak Ege gik Ugashllc System Peninsula -- Tot a1 Total Run 

' Estimated age composition. 



Table 3 .  Japanese High Seas Catches of Red Salmon Bound for Bristol Bay 
(In Thousands of Fish) 

Year Matures - 1/ Irnmatures Total 

Includes the May and June 1-1 0 catches eas t  of 1 70° E ,  
the June 11- 20 catches e a s t  of 175O E ,  and the June 21-30 
catches e a s t  of 180°. 

2/ Includes red salmon taken on high seas  a t  times and in areas  - 
where immature Bristol Bay reds are in large majority. These 
are  mostly age  f ish that otherwise would be expected to 
mature and return to Bristol Bay a s  a ' s .  Includes July and 
August catches e a s t  of 1 70°, and June 21-30 catches between 
1750 E and 180°. 



Table 4. BRISTOL BAY TOTAL RETURNS, APPORTIONED FOR JAPANESE HIGH SEAS CATCHES ( I n  Thousands o f  ~ l s h )  

Year of Nuy alcuk Togiak & North Side Age Class Yearly Year o f  
Run lgushilc Snake ( ~ i k c h i l c )  Wood liiulchatna Kvichak Naknelc Alagnak Egegllc U~ash ik  Tr ibutar ies  Alaska Pen. Total - Total Run 

-2-OCEAN 
1956 220 5 9 1,034 o 14;769 991 894 824 544 217 1,840 21,347 30,286 1956 
1957 100 3 57 308 o 2,932 121 260 251 560 21 2 614 5,418 21,743 1957 
1958 54 13 58 1,369 0 445 262 71 463 W5 28 643 . 3,851 7,974 1958 
1959 658 223 75 3,490 o -893 2,889 1,180 1,462 420 163 12,288 15,278 1959 
lg  60 270 18 219 1,127 o 23,968 662 1,841 2,682 3,154 134 758 835 " 3 , 8 3 3  42,645 1960 
19 51 13 1 4 141 O 5 ~ 9 8 6  5 1 5 860 102 49 654 7,866 26,274 1961 
1952 32 4 90 2,074 1 3r249 589 85 1,086 397 97 3 65 8,069 12,266 1962 
19  63 114 65 39 985 5 325 834 308 898 436 180 381 4,570 8,617 1963 
19 54 155 21  155 1,860 2 1,546 2$189 231 1,525 999 250 854 9,787 13,386 1964 
13 55 7 3 7 57 353 8 45,842 911 219 4,424 1,755 1x3 1,399 55r161 63,055 1965 



Table 5 ,  Togiak River - Escapements and Returns, in Thousands of Fish 

Inshore Return Total Return 
Brood by age class by age class 
Year Escapement 42 ~3 5~ 63 42 53  5 2  6 3  Total 

Return by age class estimated from average age composition. 

2/ Return by age class not corrected for Japanese high seas catch. - 



Table 6. Togiak River - Estimated Return in 1966 From Brood 
Years 1960, 1961 and 1962 in Thousands of Fish. 

Estimated Return in 1966 by age class!/ 
Brood Estimated 
Year Escapement ~ e t u r d  

42 5 3  5 2  3 
Total 

1960 163  453 2 9 29 

1961  9 5 337 22 203 2 25 

1962 47 255 E 9 69 
7 

Total return in 1966 323 

I/ Estimated returns obtained from equation: 

R = 175.029 + 1.763 E 

2/ Estimated return by age class based on average age composition. - 



Table 7. Igushik River Escapements and Returns, in Thousands of Fish 

Inshore Return Total Return 
Brood by age class by age class 
Year Escapement 42 53 5 2  6 3  4 2  53 5 2  3  Total 

- -- - --- - - - -- - 

L/ Return for age class not corrected for Japanese high seas  catch. 



Table 8. Igushik River - Estimated Return in 1966 From Brood Years 1960, 
1961 and 1962 in  Thousands of Fish. 

Estimated Return in  1966 by age  c l a s s v  
Brood Estimated 

4~ 5 3  52  c3  
Year Escapement ~ e t  uml/ Total 

1962 16  392 89 

Total return in 1966 

1/ Estimated returns obtained from equation: - 
R = 380 + 0.762 E 

Estimated return by age  c l a s s  based on average age  composition. 



Table 9. Snake River - Escapements and Returns, in Thousands of Fish 

Inshore Return Total Return 
Brood by age c l a s s  by age c l a s s  
Year Escapement 42 53 5 z  3 42 5 3  5 2  6 3  Total 

1/ Return by age  c l a s s  not corrected for Japanese high seas catch. - 



Table 10. Snake River - Estimated Return in  1966 From Brood Years 1960, 
k.1961 and 1962 in Thousands of Fish. 

Estimated Return in 1966 by Age classL/  
Brood Estimated 
Year Escapement ~ e t u r d  

*2 s3  52  3 
Total 

1960 1 7 .  6 2  

1961 .. 5 1 8  

1962 2 7 

Total return in 1 9 6 6 

Estimated return obtained from the geometric mean of the  
return per spawner. 

2/ Estimated return by age  class based on average age composition. - 



Table 11. Nuyakuk River - Escapements and Returns, in Thousands of Fish 

Inshore Return Total Return 
Brood by age class by age class 
Year Escapement 42 53 5~ 3 42 53 52 63 Total 

- - - - - - - - -- -- 

1/ Return by age class not corrected for Japanese high seas catch. 



Table 12.  Nuyakuk River - Estimated Return in  19 66 From Brood Years, 
'1960, 1961 and 1962 in Thousands of Fish. 

Estimated Return in 1966 by Age C l a s d r  
Brood Estimated 
Year Escapement ~ e t u r d  

42 53 5~ 6 3  
Total 

Total return in 1966 250 

I/ Estimated returns obtained from equation: - 

2/ Estimated return by age class based on average age composition. 



Table 13. Wood River - Escapements and Return, in Thousands of Fish 

Inshore Return Total Return 
Brood by age class by age class 
Year Escapement 42 5 3  52 3 4~ 53 5 2  63 Total 

Return by age class not corrected for Japanese high seas catch. 



Table 14 .  Wood River - Estimated Return in 1966  From Brood Years 1960 ,  
a.1961 and 1962  in Thousands of Fish.  

Estimated Return in 1966  by Age classZ/ 
Brood Estimated 
Year Escapement ~ e t u r n L /  

2 5 3  5 2  3 
Total 

1 9  60 1 , 0 1 6  2 ,902  7 0 70 

1961 .. 461 1 , 5 2 8  9 6  417 5 1 3  

1962 8 74 2,730 1 ,854  1 , 8 5 4  

Total return in i 9 6 6 2,437 

Estimated returns obtained from eqtlation: 

R = 15.621 ~2 10-0.733047 E 

2/ Estimated return by age class based on 2 x 2 contingency table. - 



Table 15. Nushagak-Mulchatna River - &-ocean and 2 -ocean  Returns 
and Estimated Return in 1966  

Return 
.,Year 

.2-ocean - 
Return 

.3-ocean - 
Return 

L/ Estimated return obtained from the arithmetic 
mean of the &-ocean and &ocean returns. 



Table 1 6 .  Kvichak River - Smolt Indices and Xeturns in Thousands of Fish. 

Year of Smolt Return in thousands of fish 
0 utmigration Index- I/ - -2-ocean - .3 -  ocean 

1/ - Based on the estimation of the 24-hour daily smolt seaward .outmigratfon. 

2/ - .2-ocean return. estimated using equation, 

R = -2.02356 -t 0.27253 S. 

v - .3-ocean return estimated using equation 

R =-0.22996 + 0.05626 S. 



Table 17. Naknek River - Escapements and Returns, in Thousands of Fish 

Inshore Return Total Return 
Brood by age class by age class 
Year Escapement 42 5 3  5 2  63 42 53  52  6 3  Total 



Table 18.  Naknek River - Estimated Return in 1966  From Brood Years 
1960, 1961  and 1962 in Thousands of Fish 

Estimated Return in 1966 by Age classZ/ 
Brood Estimated 
Year Escapement ~ e t u d  

42 5 3  52  63 
Total 

1 9 6 1  351 1,373 266 430 69 6 

1962  . 723 3,042 249 249 

Total return in 19  66  1,929 

1/ Estimated returns obtained from equation: - 
R = 20.657 E~ 1 0  -0.761 330 E 

Estimated return by age class based on 2 x 2 contingency table. 



Table 19 .Alagnak River - Escapements and Returns, in Thousands of Fish 

Inshore Return Total Return 
Brood by age class by age class 
Year Escapement 42 53 5?. 6 3  4Z! 53  52 63 Total 



Table 20. Alagnak River - Estimated Return in 1966 from Brood Years 
*.1960, 1961 and 1962, in Thousands of Fish. 

Estimated Return in 1966 by Ago ~ l a s s g  
Brood Estimated 
Year Escapement ~ e t d  42 53 52  63 

Total 

1960 1,241 919 

1961 . 90 1 SO 

1962 9 1 153 

Total return in 1966 

1/ Estimated return obtained from equation: - 

2/ Estimated return by age class based on average age composition. 



Table 21. Egegik River - Escapements and Returns, in Thousands of Fish 

Brood Inshore Return by Age Class 
Year Escapement 42 5 3  64 5~ 6 3  74 

L/ Age  class of return estimated from average age composition. 



Table 22. Egegik River - Escapements and Returns, in Thousands of Fish 

Brood Total Return by Age  Class  - 1/ 
Year Escapement 42 53 64 52 63 4 Total 

1/ The returns prior to  1956 are not corrected for Japanese high 
seas  catch. 

2/ Age c lass  of return estimated from average age composition. - 



Table 23. Egegik River - Estimated Return in 1966 From Brood Year 
.. 1960, 1961 and 1962 in Thousands of Fish 

Estimated Return in 1966 by Age class-/ 
Brood Estimated 
Year Escapement ~ e t u r d  

4~ 53 64 2 63 74 
Total 

1959 1 ,-072 3,382 

1960  .. 1,799 5,818 

1961  702 2,142 

1962 1,027 3,231 342 

Total return in 1966 

&" Estimated returns obtained from equation: 

R =-0 .210 + 3.351 E . 
2/ Estimated return by age class based on average age composition. 



Table 24. Ugashik River - Escapements and Returns, in Thousands of Fish 

Inshore Return Total Return 
Brood by age class by age class 
Year ~ s c a ~ e m e n t * '  4 2  5 3  5 2  6 3  42  5 3  5 2  3  Total 

Age class of return estimated from average age composition. 



Table 25 ,, Ugashik River - Estimated Return in 1966 From Brood Years 
1960, 1 9 6 1  and 1962 in Thousands of Fish  

Estimated Return in 1966 by Age c l a s s y  
Brood Estimated 
Year Escapement Return 

5 3  5 2  63 
Total 

1960  2,331 3,117- I/ 5 5 2 u  552 

1961  366 1,191 - 2/ 65 351 41  6 

2/ 1962 2 74 776 - 30 1 301 

Total return in 1966 1,269 

6 ~ 3  age class of return estimated from average age composition. 

2/ Estimated return obtained from equation: - 

R = 16.314 E~ 10- 0.720848 E 

Estimated return by age class based on 2 x 2 contingency table. 



Table 26. North Side Alaska Peninsula - &-ocean and.3-ocean Returns 
and Estimated Return in 1966 

- -  - -  

Return - .2-ocean -..- .3-ocean 
' -  Year Return Return 

lf Estimated return obtained from the arithmetic mean of 
the &-ocean and ,3-ocean returns, 



Table 27. Summary of the River System Forecast of the Bristol Bay 
Red Salmon Run for 1966 (in thousands of fish).  

River System .2-Ocean - 1/ .3-Ocean - - Total 

Togiak 91 222 31 3 

Igus hik 
Snake 
Nuyakuk 
Wood 
Nushagak-Mulchatna 

Nushagak Sub-total 2 , i35  1,133 3,268 

Kvichak 
Naknek 
Alagna k 

Naknek-Kvichak Sub-total 15,438 7,847 23, 285 

Egegik 1,338 1,837 3,175 

Uga s hik 366 864 1,230 

North Side Alaska Peninsula 834 5 49 1 ,383 

Total 20,202 12,452 32,654 

1/ The .3-ocean return has been adjusted by subtracting t h e  Japanese - 
h i g h s e a s  catch of immature red salmon in 1965. 



V. Forecast of Total Run ~ a s e d '  on High Seas Purse Seine Catches 

The forecast of the total run to western Alaska in 1966 based on the 1965 
purse seine indexing of immature red salmon south of Adak is as  follows: 

-2-ocean age: - 1 0.4 million 

.3-ocean age: - 24.4 million 

total 34.8 million 

The above figures are based on a regression analysis of the index catches 
and the resultant Bristol Bay run for the years 1956- 1965, a s  shown in Table 28. 
The 24.4 millions-ocean age return includes the Japanese high seas  catch of 
immature &-ocean age red salmon already removed in the summer of 1965, since 
in the regression analysis we have added into each years total for the Bristol Bay 
run of &ocean age red salmon an estimate of the preceding year's Japanese 
catch of immature &ocean age fish. The estimated Japanese catch of immature 
.2-ocean age red salmon in the summer of 1965 is 0.8 million (ref. Table 3) .  - 
Subtracting this from the forecasted return of 24.4 million &ocean age fish gives 
an expected return of 23.6 million &-ocean age fish and a total return of 34.0 
million red salmon in 19 66, 

It should be pointed out with respect to Table 28 that the average index 
catch for all  years has been calculated on a new basis in which sets  are included 
only to a distance of 5 0 miles. Offshore , and the index period has been redefined 
a s  beginning on June 11 and continuing through August 10. Within this time range 
averages were calculated for 3 time periods (June 11-30, July 1-20, and July 21- 
August 10). The average index catches within each of these periods were then 
summed and divided by 3 to give the season's index. The change largely eliminates 
the effect of the different dates of commencement and termination of indexing and 
also gives equal weight to three parts of the season during which index operations 
were conducted. 

The basic assumptions underlying the high-seas index are the same a s  in 
previous years a s  follows: 

1. The seine catches are proportional to the abundance of immature 
reds passing through the index area each year. 

2 .  The flow of reds passing through the index area contains a major and 
relatively constant proportion of the immature Bristol Bay reds a t  sea. 

3 .  The flow of reds passing tbxough the index area contains a high and 
relatively constant proportion of reds of Bristol Bay origin. 



Extrapolation frorrl the seine cztch data as to total numbers of fish 
pas sing Adak 1s land and L L ~  g rewrns zr,d dgc composition analysis indicate 
that assumptions 2 and 3 are reasonably sacfsfied. Assumption 1 is  open to 
question and alans for future iildex v~ork include iiltensified sampling by an 
FRI seiner and by Bbreau of Colnmercial Fisheries gill net vessels to test the 
validity of the ass  umption . 

Q ualifying F,actors - 
The following factors could grossly affect the 1966  forecast but have not 

been used to modify the forecast because of insufficient data to evaluate their 
effect. 

The efficiency cf the index is directly dependent upon the width of the 
band of fish and the period of migration. In 1965 a good series of index sets  
was obtained extending to a distance of 80 miles from shore. Fish were shown 
to be present in substantial numbers to the  fu l l  80 miles sampled. Maximum 
abundance was apparently between the 20- and 40-mile distance. Although there 
are insufficient data to evaluate the width DL the band with respect to previous 
years of indexing, scch arz olcrservailon does glve us  confidence that the 1965 
index i s  not th? result of l ~ ~ t i . l i o i ; ~  samplins i_r. t h e  baLt of chief abundance. 
With respect to :he xime of passage thc 33-e f i s h  appeared in substantial 
numbers through t k c  entire psriod Iuile 113 + .h roug~  Fuguzt 26 .  The &-ocean 
immatures did not appear LC siihstanfiill numbers uritii Jtil:~ 13,  but after that 
they continued through Augilst 1 7  iiri.it; no pe r io~s  of ;;e~iotis decline a s  was 
observed in some previous ycsrs. A ~ ~ s l . . i  such ~r-i,orxity . ~ f  abundance through- 
out a period of t i m e  l ~ n d s  support '9 the wlidi ty  of the  L965 index. 

Sizes of Immature Salmon in Index Catches 

Both the &-age and - .2--age immatures in the index catches in 1965 were 
average size (35 .6 and 48. i cm , respectiveiy) suggesting that fish in the Bristol 
Bay fishery will be of average size in 19 66. 



Table 28. Average Catch Per Index Seine Set of Immature Red Salmon South 
of Adak Island Compared with the Following Year's Bristol Bay 
Return. 

Year of Average Year of Bristol Bay 
Index catch/set  Bristol Bay total  run (millions)- 1/ 
Catch - . 1-ocean 2 - o c e a n  Run - .2-ocean &ocean total  

195 6 7.5 1 6 . 7  1 9 5 7  5.4 16.3 21.5 

1/ Including high seas ca tch  of 13ristol Bay red saimon. - 
Z/ 1966 forecast  values based on l inear regression equations: 

R3 = -0.363 + 0.837 C2 where, 

R2 : is &-ocean age  return 

R3 : is A - o c e a n  age return 
C1 : is A - o c e a n  age  index ca tch  
C2 : is &-ocean age index catch. 



V I .  Forecast ci' %?a! -- .3-ol;ean F,e-curns Based on 
-2-ocean Reams in the Prevlous Year - 

Bristol Bay red salmon colnmonly spend two years or three years in the 
ocean and the relation of the retilrn after three yzars to the return after two years 
may be used to forecasr: the sxpectec! total return af 3 - m e a n  age red salmon. 
For this purpose the Bristo?. Bay run has been separated into three components: 
(1) Bristol Bay excluding the Kvichak River wit.1 52 and 63 age classes combined; 
(2) Kvichak River, 63 age class; (3) Icvishak River: 52 age class. 

The reasons for separaein~ the 3ristoi 3337 run into three components for 
the 1966 forecast rather than treari.ng the Bay a s  a unit ds in previous forecasts 
are a s  follows: 

(i> During the a s t  1 0  y e a s  (1956-1 965): t he  Kvichak run has 
been the domlnan"c-un 2- the 3ayi parti cularJ y with respect 
to.2-ocearr fish, Tri 1965 ' t h e  Xvichak sccouvted for about 
80 percent of the ictd!. -.:n .sf -,A-ocean sockeye, Over the 
preced1r.g 3 ya3ic: . the :'." ; ~ * l i P  ac:o~lated Iur about 40 per- 
cent of f: e r3i.32 r~x ,  >I - -  " 2  - 9 ~ 9 a n  soc!..eye in the Bay. Separ- 
a t i o ~  of the dciom'rzz~r: I v , ~  f?:ci-il t i ~ ~  ~ t l ~ e ~  river systems represents 
a refiner en* iii I orccc s i  LAIC . 

(ii) In 1965 ,  ,~ , . -ac t+za~l~  t,ie I : Z L ~ J ' ~  OE -- ,2-ocean fish in the 
Kvichak -,(.,ns,: ;e3 ;i 5 sl~c!:z;re , -her-a; in previous years 
(1 95 6- F S 64 1 L~ 2 5. , c k ~ y e  acc,~lirL%ed -'or Q V S i  two-thirds of the 
Kvichak rur  of .,;-ocean f l J h  Thzre is a substantial quantity 
of eviciencc: v-hick i n d j c ~ ~ 6 s  t r i r '  mstucity schedules differ for 
differeat Frss'n--vvater d g ~  groups of sockeye; namely, that a 
higher proport-oc of the -0ckey2 of oldsr fresh-water age mature 
as  2 - o c e ? n  fish thail sockeye of younger fresh-water age. In 
view of this e t r i d e ~ ~ e  and the yea!. reversal in the fresh-water 
age corr,position of - .2-ocean sackeye in the 1965 Kvichak run, 
it is necessary to make separate lorecasts for the S 2  and 63 
sockeye runs to the Kvichak jn 1966;. 

Data and forecasts for each of the three components of the Bristol Bay 
.3-ocean return in 1966 are given in Tables 29 ,  30, and 31. - 



Table 29. Size of Return of 2- and 3 - o c e a n  Red Salmon in  Successive 
Years, and Forecast of Run of A - o c e a n  Red Salmon in 1966 
for Bristol Bay, Excluding the  Kvichak River. (In millions of 
f ish)  . 

Return of Return of 
Year - .2-ocean f i sh  Year - .3-ocean fish 

- 

1/ 19 66 forecast based on l inear regression: - 
R3 = 0.964 + 0.730 R 2  where, 

R3 : is &ocean age return and 

R2 : is &-ocean age return. 



Table 30. Size of runs of S 3  and 63 red salmon in successive years and 
forecast of run of 63 red salmon in 1966 for the Kvichak River 
(in millions of fish).  

Run of Run of 
Year S3 f i sh  Year 63 fish 

1/ Excluded from analysis because age classes were not adequately - 
represented in samples. 

2/ 1966 forecast based on linear regression: 

R63 
= -0.015 t- 0.252 R5 

3 
where, 

Rs3 : is 63 age return and 

R : is 53 age return. 
5 3  



Table 31.  Size of runs of 42 and S 2  red salmon in successive years and 
forecast of 5 2  red salmon in 1966 for the Kvichak River ( in 
millions of fish).  

Run of Run of 
Year 42 f ish 52  f i sh  

. .. 

1/ 1966 forecast based on linear regression: - 

Rs 2 = 0.308 + 0.381 Rq2 where, 

R52 : is 5 age return and 

R42 : Is 42 age-return. 



VII. Forecast of Total 2 -ocean  Return 

With an estimate of the total &ocean return and an independent estimate 
of the ocean age composition of the total, return it  is possible by ratio analysis 
to forecast the total 2 -ocean  return. The forecasted total &ocean return and 
ocean age composition based on the forecast from the high seas  purse seine 
catches can be used to form this ratio. The data and forecast are a s  follows: 

total J-ocean forecast: 19.7 

high seas purse seine, 

Total 34.8 

ratio analysis: 

RZ = 8.4 where 

R2 : is total &-ocean return. 



Table 32. Summary of Forecasts of the Bristol Bay Red Salmon Run in 1966 
(in millions of f i sh) .  

.2-ocean 2 - o c e a n l /  total  - 

Forecast by River System 

Igushik 
Snake 
Nuyakuk 
Wood 
Nushagak- Mulchatna 

Nushagak Sub-total 

Kvic hak 
Naknek 
Alagnak 

Naknek-Kvichak Sub-total. 

Egegik 

Ugashik 

North Side Alaska Peninsula 

River System Total 

High Seas  Purse Seine 10.4 23.6 34.0 

Relation of &ocean returns to J-ocean returns 19.654 
---- 

Ratio estimate of &-ocean return 8.4 

1/ - The &ocean return has been adjusted by subtracting the Japanese 
high s e a s  catch of immature red saimon in 1965. 
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